The aim of this study was synchronization of oestrus in cows by simultaneous administration of PGF 2 α and GnRH. Synchronization of oestrus was repeated in 5 cows housed at our department of the university (group I) and 32 cycling cows in dairy farms (group II and III). In total 15 synchronized sexual cycles were observed in group I. Oestrus was synchronized by intramuscular administration of 500 µg of cloprostenol (Oestrophan, Ferring-Léãiva, Prague, Czech Republic) and 100 µg of lecirelin pro toto (Supergestran, Ferring-Léãiva, Prague, Czech Republic) at the same time during the luteal phase of the sexual cycle. The cows were examined by transrectal ultrasonography daily from the day of treatment to occurrence of a new luteal phase, and ovarian structures were evaluated in group I. Ultrasonographical examination of ovarian structures were performed on the day of treatment (day 0) and on days 3, 7 and 14 and samples of peripheral blood for progesterone determination by ELISA were obtained on days 0, 3 and 7 in group II (n = 12). Daily detection of oestrus and ultrasonographical examination on days 0, 14 and 28 after treatment were performed in group III (n = 20). The cows in oestrus were inseminated and conception rate was evaluated in this group. The new follicular wave occurred on the day 3 or 4 in all synchronized sexual cycles and ovulation occurred in 1 synchronized cycle on the day 3, in 6 cycles between days 7 and 9 and in 6 cycles between days 10 and 17 in group I. Ovulation did not occur and luteal cysts developed in 2 synchronized cycles in group I. Ovulation occurred in 5 cows until day 3 and in 4 cows between days 3 and 14 after treatment in group II. Ovulation was not proved in 3 cows until day 14 and luteal cysts developed in 1 of them. Total concentration of progesterone were 2.40 ± 0.989, 0.22 ± 0.054 and 0.44 ± 0.323 ng/ml on days 0, 3 and 7, respectively. Oestrus occurred most frequently between days 3 and 8 after treatment and total conception rate after insemination was 41 % in group III. Simultaneous administration of PGF 2 α and GnRH during the luteal phase of the sexual cycle does not represent a sufficiently efficient method of synchronization of oestrus in cows. The majority of oestrus and ovulation occurs on days 3 and 8 after treatment.
Poor rates of oestrus detection combined with poor conception rates represent the main problem in cattle reproduction. Synchronization of oestrus has been helpful in the solution of this problem. This method can remove the necessity of oestrus detection and it makes it possible to provide artificial insemination in the predicted time. But evaluating the exact time of ovulation is a condition for efficient synchronization of oestrus. Traditional method of synchronization of oestrus using PGF 2 α or its synthetic analogues during luteal phase of the sexual cycle is accompanied by ovulation in various periods. The time of ovulation depends on the stage of follicular development at the time of PGF 2 α treatment (Larson et al. 1996; X u et al. 1997 ). This stage is variable because the follicular development proceeds in continual repeating follicular waves in 7-10 day intervals (Pierson and Ginther 1987; Sirois and Fortune 1988) . The follicular wave represents recruiment and growth of cohort (2-6) of the tercial follicles during 2 -4 days (phase of the growth), differentiation of a dominant follicle and subordinate follicles (phase of the selection) and further development of the dominant follicle during 4 -10 days while the subordinate follicles undergo atresia and they disappear (phase of the dominance) (Pierson and Ginther 1988; Rajahamendran and Walton 1988; Driancourt 1991) . Usually the dominant follicle undergoes atresia in presence of the endogenous progesterone during luteal phase of the sexual cycle or it ovulates in the case of absence of progesterone.
The dynamics of follicular development follows the variability of the time of ovulation after artificial lueolysis. For this reason methods of oestrus synchronization with control of luteal phase as well as follicular development have been developed recently. It was found that administration of GnRH terminates the actual follicular wave (atresia or ovulation of the dominant follicle) and induces the new follicular wave within 3 or 4 days after administration at any stage of the sexual cycle (for review see Twagiramungu et al. 1995) . On the base of these data new protocol of synchronization of oestrus was developed in which administration of GnRH 7 days before PGF 2 α synchronizes follicular development before luteolysis and gives precise time of ovulation after PGF 2 α treatment. In addition the second administration of GnRH 2 days after PGF 2 α treatment for the purpose of synchronization of the follicle maturation further specifies the exact time of ovulation (Pursley et al. 1995) . It seems that this protocol (Ovsynch; GnRH -7 days -PGF 2 α -2 days -GnRH) synchronizes follicular development and regression of the corpus luteum as well as the time of ovulation and it allows effective timed artificial insemination without the need for detection of oestrus in dairy cows (Burke et al. 1996; Schmitt et al. 1996; Pursley et al. 1997) .
The object of our experiment was to provide a simple method for synchronization of oestrus by simultaneous application of PGF 2 α and GnRH during luteal phase of the sexual cycle. We hypothesized that GnRH in condition of higher concentration of endogeneous progesterone terminates the present follicular wave by atresia and it induces a synchronous recruitment of a new follicular wave. We presumed that new dominant follicle of synchronized follicular wave would ovulate because the dominant follicle of the previous follicular wave would not ovulate and new corpora lutea would not develop after simultaneous administration of PGF 2 α and GnRH.
Materials and Methods
Five cycling dairy cows housed at the Department of Animal Reproduction of the university (group I) and 32 cycling cows in dairy farms (group II and III) after day 60 post partum were used in the experiment. Synchronization of oestrus was repeated in cows of the experimental group I. At least one normal (non-synchronized) sexual cycle past between two synchronized cycles in these cows. Altogether 15 synchronized cycles were observed in group I. Synchronization of oestrus was performed in groups II (n = 12) and III (n = 20) in cows without any pathological symptoms as well as treatments during postpartum period. Oestrus was synchronized by intramuscular administration of 500 µg cloprostenol (Oestrophan, Ferring-Léãiva, Prague, Czech.Republic) and 100 µg of lecirelin pro toto (Supergestran, Ferring-Léãiva, Prague, Czech Republic) at the same time during luteal phase of the sexual cycle in group I, II and III.
Group I
Detection of oestrus was performed twice daily. Ovarian structures were evaluated by transrectal ultrasonography (Aloka SSD 500, 5 MHz linear-assay probe, Tokyo, Japan) daily from the day of treatment (day 0) to the occurrence of a new luteal phase (new corpus luteum). Follicles > 3 mm in diameter and corpora lutea were individually identified by reference to their position and diameter in sequential images.
Group II
Ultrasonographical examination of ovarian structures were performed on the day of treatment (day 0) and on days 3, 7 and 14 after treatment. In addition, peripheral blood samples for progesterone determination by ELISA were withdrawn on days 0, 3 and 7 after treatment. Development of luteal structures after simultaneous administration of cloprostrenol and lecirelin was also evaluated.
Group III
The detection of oestrus was performed twice daily and the cows in oestrus were inseminated. Ultrasonographical examination was performed on days 0 (day of treatment), 14 and 28. The time and intensity of oestrus after treatment and ovarian structures on days 0, 14 and 28 as well as conception rate were evaluated. Only the cows with symptoms of oestrus during 28 days after treatment were included in the evaluation.
Student's t-test was used for statistical analysis.
Results

Group I
Various intensive symptoms of oestrus were detected in 9 of 15 synchronized cycles during observation (in 4 cases between days 7 and 8 after treatment, in 5 cases between days 10 and 17). Corpora lutea disappeared within 5 days after treatment in all synchronized cycles. The number of small (3-6 mm) follicles decreased, medium (7-10 mm) and large (> 10 mm) follicles disappeared during 3 to 4 days after the treatment and the number of small follicles increased again on the day 3 and 4 in most cases ( Fig. 1) . New medium and large follicles with characteristics of the dominance (> 2 mm larger than others with increase of the difference during 3 following days) occurred within days 4 and 8 after treatment. These follicles ovulated or underwent atresia and disappeared. Ovulation occurred in 1 of 15 synchronized sexual cycles on the day 3 and in 6 of 15 synchronized cycles between days 7 and 9 after treatment. During other 6 synchronized sexual cycles the cows ovulated between days 10 and 17. Ovulation did not occur and luteal cysts developed in 2 synchronized cycles. Fig.1 . Occurrence of small (3-6 mm), medium (7-10 mm) and large (>10 mm) follicles on ovaries during 10 days after simultaneous administration of PGF 2 α and GnRH in cows.
Group II (n = 12) Ovulation occurred in 5 cows until day 3 after treatment (disappearance of the dominant follicle on the day 3, new corpus luteum and except 1 cow concentration of progesterone above 1 ng/ml on the day 7). Only 2 of these cows showed symptoms of oestrus. Four cows ovulated between days 3 and 14 after treatment (2 cows -new corpus luteum and concentration of progesterone above 1 ng/ml on the day 7; 2 cows -new corpus luteum on the day 14). Symptoms of oestrus were found in 3 of these cows. Ovulation was not proved in 3 cows until day 14 (absence of a new corpus luteum on days 7 and 14) and luteal cysts developed in 1 of them. Concentration of peripheral progesterone decreased in all observed cows on the day 3 after treatment and it slightly increased again in most of them (Fig. 2) . We found total values 2.40 ± 0.989, 0.22 ± 0.054 and 0.44 ± 0.323 ng/ml on days 0, 3 and 7, respectively. Differences between progesterone concentrations on days 0 and 3, 3 and 7, 0 and 7 were significant (p < 0.01). Group III (n = 20)
Occurrence of oestrus (days 3 -25, on average day 7 after treatment) as well as intensity of oestrus symptoms were variable in 15 of 20 cows. Four cows were not inseminated because of low intensity of oestrus symptoms and 5 cows did not show any symptoms of oestrus during observation. But corpora lutea were found in 4 of 5 anoestrous cows on day 14 or 28 after treatment. Acyclicity was diagnosed in one cow. Total conception rate (n = 11) after the first insemination was 41 %. The majority of oestrus (n = 9) occurred between days 3 and 8 after treatment (Table 1) . Table 1 Occurrence of oestrus after simultaneous administration of PGF 2 α and GnRH in cows.
Discussion
Ultrasonographical detection of pregnancy (from day 21 or 23 after insemination) at 14 day intervals represents the part of general periodical control of reproduction in dairy farms so that these examinations ase usually performed between day 21 (23) and 35 (37) after insemination. High percentage of non-pregnant cows after insemination are not detected for oestrus because almost half of the oestrus in normal cycling dairy cows may not be detected and effectiveness of the oestrus detection is generally low (Barr 1975; Rounsaville et al. 1976; Pankowski et al. 1995) . Therefore, the examinations demonstrate luteal phase of the sexual cycle in most of the non-pregnant cows. In our previous observation we found in accordance with other authors ( N o akes 1997) that one of the important causes of unsuccesful inseminations in rebreeding cows represents delayed ovulation (DoleÏel et al. 1998). For this reason induction/synchronization of estrus with predictable time of ovulation in inseminated but non-pregnant cows is necessary to be performed as soon as possible. Nevertheless, the time of ovulation after PGF 2 α is variable and "Ovsynch" method (GnRH -7 days -PGF 2 α -2 days -GnRH -1 day -insemination) is a too long protocol (10 days from the 1 st treatment to insemination). For this reason simple protocol of the oestrus synchronization with control of the follicle development including single treatment by administration of PGF 2 α and GnRH in the same time coud be indicated in these cases. Decrease of a number of large follicles after GnRH treatment was reported by several authors (Guilbault et al. 1990; Macmillan and Thatcher 1991) . In our experiment the number of medium and large follicles decreased during the first 2 days after GnRH treatment. These results evidence termination of the contemporary follicular wave. But GnRH is effective only in the presence of functional dominant follicle during its growing and the 1 st part of the static phase but not during its regressing phase (Silcox et al. 1993 ). In addition follicle LH receptors decrease as the dominant follicle achieves a static phase (R o l l o s s o n et al. 1994; B o denstainer et al. 1996) ). That application of GnRH does not influence the dominant follicle in the 2 nd part of the static phase or in regressing phase which undergoes atresia in natural way. The data show that GnRH eliminates the large follicles in dependence on the phase of sexual cycle as well as the phase of follicular cycle by ovulation or atresia. Dominant estrogen active follicle in the growing phase generaly ovulates after GnRH administration during the follicular as well as luteal phase of the sexual cycle (Prescott et al. 1992; Schmitt et al.1996) . We found a new corpus luteum until day 3 after simultaneous application of PGF 2 α and GnRH during various stage of the luteal phase of the sexual cycle only in one of 15 synchronized sexual cycles in group 1 and in 5 of 12 observed cows in group 2. Ovulation and development of new corpora lutea could be inhibited by interaction of PGF 2 α and GnRH in control of ovary function or it coud be inhibited by stage of the follicle development with follicles which are not ready for maturation and ovulation (follicular wave before selection of the dominant follicle or presence of the dominant follicle in static or regressing phase). These follicles do not ovulate and undergo atresia. Influence of the stage of follicle development to ovulation rate after GnRH exerts itself via the stage of the sexual cycle in the time of application because two or three follicular waves fluctuate during sexual cycle in most cows. K o hram et al. (1998) found ovulation only in 2 of 6 observed cows which were treated by GnRH during expected static phase of the dominant follicle development between days 15 and 18 of the oestrus cycle. Vasconcelos et al. (1999) reported lower ovulation rate between days 1 and 4, 10 and 16 than between days 5 and 9, 17 and 21, respectively. In our experiment we treated cows bearing distinct corpora lutea in sonographical image. It can be assumed that the majority of the treatments were performed during maximal development of corpora lutea between days 9 and 16 of the sexual cycle when ovulation rate after GnRH is low.
The new corpus luteum after GnRH administration disappeared till day 8 after treatment. Estrus occurred in this cow on the day 12 after treatment. Short lifespan of the corpus luteum is in accordance with findings that GnRH administration early after PGF 2 α can induce ovulation of the premature dominant follicle with following shorter luteal function (Taponen et al. 1999) . Mechanisms of subnormal luteal function may include inadequate preovulatory follicular development (Armstrong and Hansel 1959) , decreased luteotrophic support (Assey et al. 1993) , recently premature release of PGF 2 α (Lishman and Inskeep 1991; Garverick et al. 1992) .
Luteinization of the dominant follicles without ovulation (luteal cysts) were found in two synchronized cycles. Despite of the development of ovarian cyst after GnRH in the frame of synchronization of estrus has not well documented. Experience from our laboratory show that it is possible during Ovsynch protocol as well.
As was stated above, the decrease of the total number of medium and large follicles and again the increase of the number of these follicles on the day 3 or 4 after treatment in our experiment is evidence of a recruitment of a new follicular wave. Occurrence of a new follicular wave on day 3 or 4 after GnRH administration is well documented (review Twagiramungu et al. 1995; Pursley et al. 1995; Burke et al. 1996; Kohram et al. 1998) . Probably two mechanisms are responsible for recruitment of new follicular wave after GnRH. Firstly, it is caused by removal/disappearance of the dominant follicle. Because paracrine function of the active dominant follicle prevents from development of other follicles (Driancourt 1991; Fortune et al. 1991) and its endocrine function includes secretion of FSH inhibiting factors such as inhibin (Guilbault et al. 1993 ) elimination of the dominant follicle represents removal of the follicular development inhibition. Increase of FSH concentration on days 1 or 2 and new follicular wave occurs on the day 3 or 4 after dissapearance of the dominant follicle in natural sexual cycle (Ko et al. 1991; Adams et al. 1992) . Secondly, effect of exogenous GnRH is exerted directly via gonadotropin secretion. GnRH stimulates LH as well as FSH secretion. GnRH-induced release of FSH occurrs within 2 to 4 hours after treatment (Chenault et al. 1990; Rettmer et al. 1992) . As was stated above increase of FSH concentration precedes a new follicular wave about 2 or 3 days in natural conditions.
In spite of a synchonized occurrence of new follicular waves and absence of corpora lutea after treatment, the time of ovulation varied in our experiment. Only dominant follicles in 6 of 15 synchronized sexual cycles ovulated in the time expected (7 to 9 days after treatment). It was 5 to 7 days after occurrence of new follicular waves and the interval is comparable with the length of natural follicular wave. Length of the follicular waves in synchronized sexual cycles with ovulation between days 10 and 17 after treatment was variable or new follicular waves occurred. It could be caused by higher concentration of progesterone after incompleted luteolysis by PGF 2 α or in the presence of luteinized follicles or atypical new corpora lutea after GnRH which were not recorded by ultrasonography. Slightly increased progesterone concentration in most of the cows on the day 7 after treatment in experimental group 2 supports this assumption.
In conclusion, simultaneous administration of PGF 2 α and GnRH in cows during the luteal phase of the sexual cycle does not represent a sufficiently efficient method of synchronization of estrus in cows. Nevertheless, the majority of oestrus and ovulation can be expected on the days 3 and 8 after treatment. Efficiency of this method is probably influenced by phase of the sexual cycle at the time of treatment.
Úãinek souãasné aplikace PGF 2 α a GnRH na folikulární v˘voj, fiíji a dobu ovulace u krav
Cílem práce bylo synchronizovat fiíji u krav souãasnou aplikací PGF 2 α a GnRH. Synchronizace fiíje byla provedena opakovanû u 5 ustájen˘ch krav na klinice univerzity (skupina I) a u 32 cyklujících mléãn˘ch krav na farmách (skupina II a III). Ve skupinû I bylo sledováno celkem 15 synchronizovan˘ch pohlavních cyklÛ. ¤íje byla synchronizována souãasnou intramuskulární aplikací 500 µg cloprostenolu a 100 µg lecirelinu pro toto (spec. Oestrophan a Supergestran, Ferring-Léãiva, Praha, âR) bûhem luteální fáze pohlavního cyklu. Ve skupinû I byly krávy vy‰etfiovány transrektální sonografií dennû od o‰etfiení (den 0) do objevení se nové luteální fáze a byly hodnoceny ovariální struktury. Ve II. skupinû (n = 12) bylo sonografické vy‰etfiení ovariálních struktur provedeno v den o‰etfiení (den 0) a dále v den 3, 7, a 14. Navíc byly v den 0, 3 a 7 odebrány vzorky periferní krve k vy‰etfiení koncentrace progesteronu metodou ELISA. Ve skupinû III (n = 20) po o‰etfiení byla 2krát dennû provádûna detekce fiíje a sonografické vy‰etfiení pohlavních orgánÛ bylo provedeno v den 0 (den o‰etfiení), 14 a 28. ¤íjející se krávy v této skupinû byly inseminovány a byla hodnocena úroveÀ koncepce. Ve skupinû I ve v‰ech synchronizovan˘ch pohlavních cyklech nastoupila nová folikulární vlna do 3. nebo 4. dne po o‰etfiení a ovulace probûhla u 1 synchronizovaného cyklu v den 3, u 6 cyklÛ mezi 7. a 9. dnem a u 6 cyklÛ mezi 10. a 17. dnem. U zb˘vajících dvou synchronizovan˘ch cyklÛ v této skupinû ovulace neprobûhla a vyvinuly se luteální cysty. Ve II. skupinû ovulace probûhla u 5 krav do 3 dnÛ po o‰etfiení a u 4 krav mezi 3. a 14. dnem. Do 14 dnÛ po o‰etfiení ovulace nebyla prokázána u 3 krav a u jedné z nich se objevily luteální cysty. Celková koncentrace progesteronu v den 0, 3 a 7 byla 2,40 ± 0,989, 0,22 ± 0,054 and 0,44 ± 0,323 ng/ml. Ve III. skupinû byl nejãastûj‰í termín fiíje 3. a 8. den po o‰etfiení a celková úroveÀ koncepce byla 41 %. Souãasná aplikace PGF 2 α a GnRH bûhem luteální fáze pohlavního cyklu nepfiedstavuje dostateãnû úãinnou metodu synchronizace fiíje i krav. Nicménû vût‰ina fiíjí a ovulací probíhá 3. a 8. den po o‰etfiení.
